Photo-Electric Microbe Sensor is a patented biotechnology that detects microbes in aqueous solution by measuring the change in photo-voltage in response to UV light stimulation of a platinum (Pt) disk surface on an electrode before and after immunoprecipitation of microbes. This study aimed to increase the sensitivity of microbe detection by pre-adsorbing recombinant Streptococcal Protein G (PG), to the Pt sensor surface. Streptococcal PG binds the Fc region of mammalian IgG molecules and we investigated the association of PG to Pt and the resulting ability to tether antibodies to the Pt-PG surface. An ELISA protocol was optimized to detect the presence of mouse monoclonal antibodies tethered to Pt immunoaffinity disks, and to determine the recommended blocking solution and reagent concentrations. Our results demonstrate that PG binds to bare Pt, increases IgG affinity to the Pt surface following Superblock Buffer application, and together offers design-options for Pt-based sensor technologies.
Introduction
Photo-Electric Microbe Sensor (PEMS) has been used to successfully detect a variety of target microbes, such as Sindbis virus, Influenza virus, E. coli and Shigella spp., in ionic aqueous solution [1] . PEMS measures the change observed in induced photo-voltages on the surface of platinum immunoaffinity disks (Pt disk) on electrodes (Figure 1(a) ) in response to UV stimulus with and without microbes (Figure 1(b) ). These changes in photo-voltage are then correlated to the presence of microbes in aqueous solutions. The eventual aim of this The strobe generates light in the UV spectra which is focused through a series of lenses onto a Pt disk. The subsequent movement of charge produces a photovoltage that is amplified by the electrometer and then displayed on an oscilloscope. technology is to detect pathogenic agents in environmental waters and biological fluids such as serum, whole blood, and urine. Adsorption of biologicals to Pt surfaces is dependent on a variety of physiochemical conditions [2] and we investigated conditions that would maximize the affinity of binding of antibodies to Pt biosensor surfaces.
Streptococcal protein G (PG) is a surface component of group G Streptococcus cell walls that specifically bind to the Fc domain of IgG antibodies [3] . This binding interaction occurs between PG and all four IgG subclasses [4] and involves mainly charged and polar contacts [5] . The physiologic function of this Fc:PG binding serves to facilitate bacterial infection and avoidance of the host's immune system by nonspecifically coating bacteria with host antibodies [6] . Antibodies bound to PG are oriented with the antigen specific binding pockets facing outwards, away from the pathogen [5] [7] . This ability to specifically bind antibodies aligned in a precise orientation has been utilized to develop antibody-based detection systems [8] - [10] . Studies have also shown that immunoglobulin molecules can be successfully tethered to metals such as gold [10] - [13] and stainless steel [14] by using recombinant PG.
The aim of this study was to enhance the ability of the PEMS system to detect microbes in solution, by utilizing recombinant PG to orient and enhance antibody binding to the platinum electrode. Knowing that recombi-nant PG only binds to the Fc domain of IgG molecules we hypothesized that PG will greatly enhance microbe sensor-signaling by lowering detection thresholds, thereby increasing specificity. In order to test this hypothesis an enzyme-linked immunosorbent assay (ELISA) protocol was developed to detect the presence of antibody tethered to the bare Pt disk. Pt disks were pre-treated with recombinant PG then exposed to mouse monoclonal IgG, which was detected using a rabbit anti-mouse IgG horseradish peroxidase conjugate. This study demonstrated that the use of Superblock Blocking Buffer was technically superior to Tween 20 as a blocking agent. Pre-treatment of Pt disk sensor surfaces with PG was efficient and significantly enhanced immunoglobulin binding.
Materials and Methods

Platinum Disk Assemblies and Preparations
Platinum foil was subjected to a custom punch to make 3 mm diameter Pt disks with a purity of 99.99%. All disks were cleaned in piranha solution prior to use (3:1 mixture of concentrated Sulfuric Acid, H 2 SO 4 to 30% Hydrogen Peroxide, H 2 O 2 in H 2 O).
Reagents
Superblock Blocking Buffer in phosphate buffered saline (PBS), recombinant Streptococcal PG, Mouse IgG anti-lipoteichoic acid (LTA), and Rabbit anti-Mouse IgG-horse radish-peroxidase (HRP) conjugate were purchased from Pierce Antibodies, Thermo Scientific. Stabilized Chromogen substrate, TMB, and Stop Solution were purchased from Invitrogen TM .
ELISA Assay Protocols
For ELISA assays, each well in a 96-well plate was blocked using 300 µL of either Tween 20 or Superblock following the manufacturer's protocol. All solutions were individually transferred to a new microplate and each absorbance was obtained at 450 nm on a Universal Microplate Reader (Bio-Tek ELX800). The average absorbance of each group was plotted as a bar graph and the 95% Confidence Interval (CI; twice the standard deviation) was used to determine statistical significance.
ELISA Assay with Tween 20 Block
For the Tween 20 block, each well was blocked with a 1% Tween 20 solution in PBS. A single Pt disk was placed in each blocked well containing 60μL of recombinant PG in 10 fold dilutions followed by incubation at 4˚C overnight (n = 3). Following incubation, wells were washed with 0.05% Tween 20 in PBS (PBS-T) three times followed by application of Mouse IgG anti-LTA (primary antibody; 0.5 μg/60μL PBS) incubated at 4˚C overnight. Wells were then washed and re-blocked as previously described followed by the addition of rabbitanti-mouse HRP (secondary antibody; 0.5 μg/60μL PBS) and incubated for one hour at room temperature (RT). Wells were washed, TMB substrate was added, signal was allowed to develop, and the reaction was stopped with Stop Solution following the manufacturer's protocol.
ELISA Assay with Superblock Buffer
Alternatively, microplates were blocked with Superblock for one hour at RT, blocking solution was removed and a single pre-cleaned Pt disk was added to each well for a total of five replicates followed by the addition of 100 μL of PG 10-fold dilutions and incubated at 4˚C overnight. Wells were washed as previously described for a total of three washes and 100 μL of primary antibody (mouse IgG anti-LTA in PBS, 1 μg/100μL) was added to each well followed by incubation at RT for one hour. Wells were then washed as previously described followed by blocking with Superblock as previously described. Next, 100 µl of secondary antibody (rabbit anti-mouse IgG-HRP conjugate) in PBS (1 µg/100µL) was added to all treatment groups plus an additional negative control blocked well followed by incubation for one hour at RT. The plate was then washed as previously described followed by the addition of 100 µL of TMB substrate. The signal was allowed to develop, stopped, and each absorbance was obtained as previously described.
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Results and Discussion
Platinum surfaces located on PEMS electrodes (Figure 1(a) ) detect antigens in solution. Following exposure of sensor to focused flashes of UV light, the signal is converted, amplified, digitized and displayed for analysis (Figure 1(b) ). In an effort to enhance antibody binding to metal surfaces of PEMS electrodes, PG was bound to Pt disks by exposure to varying concentrations of recombinant PG. An ELISA technique was developed to test the binding of mouse anti-LTA IgG by use of a secondary rabbit anti-mouse IgG-HRP conjugate in 96-well plates. Using 1% Tween 20 in PBS as the well-blocking buffer, only PG at 100 µg/mL, the highest concentration used, demonstrated a significant signal over background (Figure 2) . In contrast, using Superblock as the well-blocking agent produced three to six fold increases in the absorbance readings and reduced background binding noise of secondary antibody (Figure 3) . Using PG (>1.0 mg/mL) or (250 μg/mL) observed at the 95% C.I. demonstrated significant significance compared to binding using PG (25 μg/mL) (Figure 3) .
Pre-treating Pt disk surfaces with PG enhanced antibody binding compared with untreated surfaces, especially following Superblock application. We recommend this methodology for binding immunoglobulin molecules to Pt surfaces and found that Tween 20 was not as sufficient a blocking agent as Superblock because of the presence of high background binding of the secondary antibody and lack of significant differences between groups. Given that both of the two highest concentrations of PG resulted in maximum signal, we conclude that PG binding to Pt disc's were saturated at any concentration above 250 μg/ml. Groups exposed to PG (25 μg/mL) concentrations and higher were significantly different from other groups at the 95% confidence interval indicating a decreased antibody binding. We report that the presence of PG molecules and their inherent ability to orient IgG's is reflected in and accounts for the increased binding of immunoglobulins to Pt surfaces (Figure 4) .
Conclusion
This data demonstrates that recombinant streptococcal PG (≥250 µg/mL) can enhance the binding of antibodies to the surface of Pt disks following Superblock Buffer application. Suggested future studies include testing the immunoaffinity properties of Pt immunoaffinity disks in an ELISA application, challenging the detection capability using PEMS testing, as well as the ability of PG to interact/bind with other metals without the use of SAMs. We propose that pre-adsorption of PG to Pt in conjunction with Superblock Buffer will enhance the binding of immunoglobulins to the Pt sensor surface, leading to new sensor technologies or enhancement of existing ones. Figure 2 . Effects of recombinant PG on antibody binding to Pt disks using 1% Tween 20 in PBS as a blocking agent. Pre-cleaned Pt disk were exposed to varying concentrations of PG in blocked wells (using 1% Tween 20 buffer), next exposed to the primary AB (mouse IgG anti-LTA), followed by incubation in the secondary AB (rabbit anti-mouse IgG). After development of the chromogen, average absorbance of each reaction was documented and error bars represent the 95% Confidence Interval. Statistical significance indicated by *. Figure 3 . Effects of recombinant PG on antibody binding to Pt disks using Superblock in PBS as a blocking agent. Pre-cleaned Pt disk were exposed to varying concentrations of PG (at a 1:10 dilution) in each blocked well (using Superblock), next exposed to the primary AB (mouse IgG anti-LTA), followed by incubation in the secondary AB (rabbit anti-mouse IgG). After development of the chromogen, average absorbance of each reaction was documented and error bars represent the 95% Confidence Interval. Statistical significance indicated by *. Figure 4 . Visual representation comparing the tethering of antibody (mouse IgG) to platinum disk electrode surface, comparing absence with presence of recombinant PG. Pre-adsorption of PG to Pt sensor surfaces enhances the specific binding of the Fc region of mammalian IgG [3] . This oriented attachment of antibody [5] [7] serves to expose the Fab region, which maximizes the tethering capability for immunoprecipitation of antigens.
